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•  Abundance		
•  North	America		
•  3km	x	3km		
•  Weekly	
•  Uncertainty	&	QA	



2004-14	
5,763,369	Checklists		
880,310	Unique	Loca.ons	
	
	

		
1.  Filling	Gaps	
2.  Control	for	Bias	
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Modeling	Seasonal	Abundance	

	
Goals	
•  Complex	abundance	–	habitat	relaTonships	
•  Good	predicTve	performance	
•  Highly	automated	for	diverse	species	
	
Approach	
•  Zero-Inflated	Boosted	Regression	Trees	(ZI-BRTs)	

1.  EsTmate	suitable	habitat	
2.  In	suitable	habitat,	esTmate	abundance		

•  Resampling-based	Ensemble	of	ZI-BRTs	
	
	

Johnston	et	al.	(2015),	Abundance	models	improve	spa=al	and	temporal	priori=za=on	of	conserva=on	
resources.	Ecological	Applica=ons,	25:	1749–1756.	doi:10.1890/14-1826.1		



resources would be invested at times or locations where
a species occurs only at low densities.
The results presented in this study establish that

differences between occurrence and abundance estimates
may translate into substantive differences between
estimates of population trends and spatial distribution.
However, it is beyond the scope of this study to
determine general principles underlying these differenc-
es. We suspect that differences represent a mixture of
effects reflecting differences between the underlying
biological processes that give rise to abundance and
occurrence, as well as limitations imposed by the data
and methodology to estimate these patterns. As these
biological processes vary seasonally, through variation
in social behaviors and environmental preferences, this
may lead to seasonal variation in the congruence
between the locations identified for conservation by
the occurrence and abundance models.
The success of the analytical approach presented here

relies on key features of eBird data collection. eBird
collects information on species counts, providing the
raw information necessary to model species abundance.
Importantly, eBird also collects essential information
about the observation process (e.g., information on the
checklist location, time, and effort and also reporting
when all species identified are recorded) necessary to
model and account for variation in the detection and
observation process. Collecting this information adds
tremendous value to broadscale surveillance monitoring
data.

Three features of the abundance model presented
were important to its success. First, we used a zero-
inflated model in order to account for the highly variable
detection rates and a large number of searches
conducted in unsuitable habitat, which are common
features in citizen science data. Second, we used the
STEM modeling framework (Fink et al. 2010, 2014) to
account for nonstationarity in the relationships between
the counts of birds and environmental variables, which
is particularly relevant when modeling over a wide
geographic area and across the entire year. Third,
weighting the base models by the abundance gave
greater emphasis to the large aggregations that are
important for conservation prioritization. Future devel-
opments of this model could include controlling for
variation in observer quality and site selection bias,
which are areas of current research (e.g., Phillips et al.
2009). Regardless of the specific analyses used, we
believe that it is always important to validate quality of
model predictions, as models of abundance may not
always be of sufficient quality to prioritize conservation
(Oppel et al. 2012).
In conclusion, conservation decision-making should

use as much knowledge and information as possible to
optimize the benefits of conservation action (Sutherland
et al. 2004, Segan et al. 2010). The use of species
distribution models of occurrence has been an important
development in optimizing the selection of protected
areas (Franklin 2013, Guisan et al. 2013), but relative
abundance is a more relevant metric to inform

FIG. 4. Estimated (a) occurrence and (b) abundance for Northern Pintail in mid-January in the California Central Valley. Black
regions denote the 200 locations with the highest estimated occurrence and abundance. Note the log scale color key for abundance.
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Northern	Pintail	

Aerial	Survey	Data			
1987–2000	
Fleskes	et	al.	2007		
	
	
	

71–95%	Pintails	in	
Sacramento	River	Valley	



Scaling	to	Con.nental	Scales	
	
ST	VariaTon	in	habitat	use	
•  Ensemble	of	independent,	uniformly	

distributed	regional	models	
•  10	deg	x	10	deg	x	40	days	
	
Data	Density	&	Rarity	
•  Geographic	balanced	sampling	
•  Case-control	sampling	
	
ComputaTonal	strategy	
•  MapReduce	Hadoop	
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							St.Lawrence	Plain	
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Control	for:		
•  Habitat	Availability	
•  ST	variaTon	in	search	

effort	

Zuckerberg	et	al.	2016	Diversity	
&	DistribuTons		



Data	Quality:	Uncertainty	&	Valida.on	

Pixel-level	Uncertainty	
>50%	E(count)	>	2.5	
>90%	E(count)	>	2.5	

AggregaTon:	Space,	Time,	Species	
	
	
Valida.on		
•  SpaTally	balanced	
•  Occurrence:	AUC,	Kappa,	PCC,	

SensiTvity,	Specificity	
•  Abundance:	MAE,	CV,	Deviance	
AggregaTon:	Regions,	Seasons,	Species			
	
	



Conclusions	
Data	for	cross-scale	conservaTon	and	ecology	
StaTsTcal	&	computaTonal	challenges		
	
Next	Steps:	
•  Decision	Support	Tool	(Tom	Auer)	
•  Distribute	data	products	
•  Year-by-year	analysis	&	Trends	
•  AddiTonal	data	–	NDVI,	NDWI,	…		

Research	OpportuniTes:	
•  QuanTfy	&	control	bias	
•  Scale	–	Fine	&	Large		
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APPENDICES	



IdenTfying	Important	Regions	and	Seasons	Across	Species	

 

Species: Eastern North American Birds  
1.  Yellow-bellied Flycatcher (Empidonax flaviventris) 
2.  Acadian Flycatcher (Empidonax virescens) 
3.  Great Crested Flycatcher (Myiarchus crinitus) 
4.  Yellow-throated Vireo (Vireo flavifrons) 
5.  Philadelphia Vireo (Vireo philadelphicus) 
6.  Wood Thrush (Hylocichla mustelina) 
7.  Gray Catbird (Dumetella carolinensis) 
8.  Ovenbird (Seiurus aurocapilla) 
9.  Worm-eating Warbler (Helmitheros vermivorum) 
10.  Louisiana Waterthrush (Parkesia motacilla) 
11.  Golden-winged Warbler (Vermivora chrysoptera) 
12.  Blue-winged Warbler (Vermivora cyanoptera) 
13.  Prothonotary Warbler (Protonotaria citrea) 
14.  Mourning Warbler (Geothlypis philadelphia) 
15.  Kentucky Warbler (Geothlypis formosa) 
16.  Hooded Warbler (Setophaga citrina) 
17.  Magnolia Warbler (Setophaga magnolia) 
18.  Chestnut-sided Warbler (Setophaga pensylvanica) 
19.  Black-throated Green Warbler (Setophaga virens) 
20.  Indigo Bunting (Passerina cyanea) 



Species	Richness	=	Sum	of	species’	occurrence	



252			
91	
49	
25	
3	 Median	#	days	occupied	across	species	

Use-days	for	Broad-scale	ST	Priori.za.on	





Bird	Returns	Outcomes	

Shorebird	monitoring	
Richness	>	2	Tmes	
DensiTes	>>	control	
	
Cost	Effec.veness	
$	Dynamic	<<	$	permanent	
	
Habitat	Provided	
36,000	acres	since	2014		
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•  ConservaTon	Goal:	Abundance	

•  Six	species,	year	round	analysis	in	CA	

•  Test:	rank	observed	abundance	

•  Monthly	Spearman’s	Rank	CorrelaTon		

	

mates; and (3) the effect of differences in occurrence and
abundance on conservation decisions in space and time.
To address the first of these, we computed Spearman’s
rank correlations (SRC) between the occurrence and
abundance estimates and the observed abundances.
Monthly SRCs were evaluated for all species using
spatially balanced samples of the validation data. To
examine the relationships between occurrence and
abundance, we fit a generalized additive model (GAM)
for each species to explain how abundance estimates
varied as a function of occurrence estimates, and we
tested for nonlinear relationships and differences among
seasons.
To assess the impact of these differences on conser-

vation prioritization, we compared temporal and spatial
patterns of estimated occurrence and abundance in the
Central Valley. For Northern Pintail and Sandhill
Crane, we calculated temporal trends of the total
relative abundance and the average estimated occur-
rence across all 3-km grid cells in the California Central
Valley for each week. For Northern Pintail, we
compared the spatial distribution of estimated abun-
dance and occurrence in mid-January, when the species
is known to congregate in dense flocks in the Central
Valley. To demonstrate the potential impacts of the
different estimates for spatial prioritization, we identi-
fied and plotted the 200 locations with the highest
estimated abundance and the 200 locations with the
highest estimated probabilities of occurrence. Finally,
we compared the conservation prioritization that would
be achieved for occurrence and abundance estimates by
examining the overlap of the 50 locations with the
highest occurrence and 50 locations with the highest
abundance estimates for each of the six species
separately.

RESULTS

Across species, the median monthly abundance SRCs
ranged between 0.53 and 0.76, and for all species the
abundance estimates provided more reliable rankings of
observed species counts (Fig. 1). Abundance SRCs were
greater than occurrence SRCs for 65 of the 74 months
for which there were sufficient validation data. Averag-
ing within each species, the median monthly SRCs were

4–32% higher for abundance estimates than occurrence
estimates (Fig. 1).
Estimates of abundance and occurrence for each

checklist were positively correlated; however, the rela-
tionship between them was significantly nonlinear and
varied by species and season (all P , 0.0001) (Fig. 2).
These differences may be due to real differences in the
underlying biological processes governing occurrence
and abundance as well as differences in the quality of the
estimates themselves. Taken together with the good
performance of the SRC validation tests, these results
suggest that the models are picking up real biological
differences between occurrence and abundance process-
es.
Across the Central Valley, temporal and spatial

differences between abundance and occurrence estimates
were also evident (Figs. 3 and 4). The temporal
abundance trajectories were substantially and qualita-
tively different from occurrence trajectories for North-
ern Pintail and Sandhill Crane (Fig. 3). Times with peak
abundance estimates differed from those with peak
occurrence estimates and some times of very low
abundance had moderate levels of occurrence for both
species (Fig. 3). The estimated abundance and occur-
rence for Northern Pintail had different spatial foot-
prints and patterns of variation. The 200 locations with
the highest occurrence and abundance estimates over-
lapped very little, highlighting very different regions in
the Central Valley (Fig. 4). Among the six waterbird
species, there was 10%–58% overlap between the 50
locations prioritized from occurrence models and
abundance models (Fig. 5), with a mean overlap of 36%.

DISCUSSION

The abundance models developed here were designed
to identify relevant locations and dates on which to
prioritize dynamic conservation, as part of The Nature
Conservancy’s BirdReturns program in the Central
Valley, California. Additionally, this study is the first
to our knowledge that has compared occurrence and
abundance models across multiple species, seasons, and
a large spatial extent, and the findings therefore have a
much wider relevance. In keeping with previous studies
(Conlisk et al. 2007, Karlson et al. 2011, Yin and He

FIG. 1. Boxplot summaries of monthly
Spearman’s rank correlations (SRCs) for abun-
dance and occurrence estimates. The box defines
the interquartile range, the line in the box is the
median, whiskers extend to the extreme values,
and outliers are defined as greater than 1.5
interquartile ranges from the edge of the box.
SRCs were computed monthly between both
occurrence and abundance estimates and the
observed abundances for the validation data.
Boxplots show the distribution of species’
monthly SRCs. Abundance estimates provided
better rankings of observed counts compared to
the occurrence estimates for all species.

ALISON JOHNSTON ET AL.1752 Ecological Applications
Vol. 25, No. 7

C
om

m
u
n
ic
a
ti
on

s
To

ta
l	R
el
aT

ve
	A
bu

nd
an
ce
	

Ave.	Prob.	O
ccurrence	



White-breasted	Nuthatch	
Wild	Turkey	
Pileated	Woodpecker	
Brown-headed	Nuthatch	
Tumed	Titmouse	
Downy	Woodpecker	
Red-bellied	Woodpecker	
Northern	Cardinal	
Hairy	Woodpecker	

Neotropical	Migrants	

Residents	

Forest	Breeding	Birds	

Scarlet	Tanager	
Wood	Thrush	
Red-eyed	Vireo	
Ovenbird	
Black-and-white	Warbler	
Orchard	Oriole	
Eastern	Wood-Pewee	
Hooded	Warbler	
Acadian	Flycatcher	
Yellow-Throated	Warbler	
Veery	
Northern	Parula	
Prairie	Warbler	
Chestnut-sided	Warbler	
Prothonotary	Warbler	
American	Redstart	
Yellow-throated	Vireo	
Yellow-billed	Cuckoo	
Rose-breasted	Grosbeak	
Indigo	BunTng	




